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Abstract Background The aim of this study was to determine the relation between the severity of abnormalities in ventilatory function tests and tidal breathing pattern and gas exchange indices in interstitial lung disease. Methods Pulmonary function, ventilation, carbon dioxide production, oxygen consumption, arterial blood gas tensions, and pH were measured during resting steady state conditions in 60 patients with proved interstitial lung disease. Patients were categorised by forced vital capacity (FVC) (percentage of predicted values) as having a mild, moderate, or severe restrictive defect with means (SD) of 71% (4%), 57% (4%), and 41% (7%) of predicted values, respectively. Results FVC varied from 29% to 79% of predicted values and from 0 99 1 to 4-32 1. The two measurements ofFVC correlated strongly with most static lung volumes and with transfer factor for carbon monoxide. Mean respiratory rates (per minute) and tidal volumes (ml) were 17 (4) and 484 (131), 20 (4) and 460 (139), and 23 (5) and 377 (109) in mild, moderate, and severe restrictive defects, respectively. FVC correlated negatively with respiratory rate and positively with tidal volume. Arterial carbon dioxide tension ranged from 30 to 49 mm Hg; only two patients were hypercapnic. Mean arterial oxygen tensions were not significantly different among the three groups, and there were no significant correlations between forced expiratory volume in one second or FVC and arterial carbon dioxide tension or carbon dioxide production. Conclusion Low values of FVC were associated with increased respiratory rate and decreased tidal volume; this pattern of breathing mimics external elastic loading, suggesting that mechanoreceptors may contribute to the rapid and shallow pattern of breathing in interstitial lung disease. Hypercapnia seems to be rare in interstitial lung disease even when functional impairment is severe and tidal volume is small. The increased respiratory rate is important in maintaining adequate ventilation. In the face of a severe restrictive defect carbon dioxide production did not increase, which also contributed to the maintenance of eucapnia.
The relation between lung function test values, breathing pattern, and gas exchange has been studied in patients with chronic obstructive lung disease. Carbon dioxide retention in these patients is usually associated with a forced expiratory volume in one second (FEVy) of less than 1 0 litrelA, and the same is true in asthma. 7 The pattern of breathing may contribute to carbon dioxide retention. Hypercapnic patients with chronic obstructive lung disease breathe faster and more shallowly than eucapnic patients,4 8causing an increase in the ratio of dead space to tidal volume (VD/VT) and in dead space ventilation (VD) with a decrease in alveolar ventilation (VA); this results in hypercapnia.
Few studies have examined the pattern of breathing in diffuse interstitial lung disease."'
Although it is commonly believed that patients with interstitial lung disease breathe more rapidly and shallowly than normal subjects, previous studies have reported considerable variation in both breathing frequency and tidal volume. In the original study of Lourenco et al, for example, the respiratory rate varied from 13 to 40 breaths/min, and tidal volume from 306 to 612 ml.9 In a more recent study Renzi et Lung function, breathing pattern, and gas exchange in interstitial lung disease 
120 (24) 115 ( Our results show that in interstitial lung disease breathing pattern changes, lower values of FVC being associated with an increased respiratory rate and decreased tidal volume. Previous studies have reported considerable variation in respiratory rate and tidal volume in patients with interstitial lung disease, though the number of patients was usually small and the variation reported is probably related to the differences in severity of restriction between studies. In our study respiratory rate varied ease. '7 In normal subjects the increase in Lungfunction, breathing pattern, and gas exchange in interstitial lung disease oxygen consumption caused by an added inspiratory external elastic load is less than that seen with a resistive load,38 an effect attributed to preferential recruitment of faster and less efficient muscle fibres during breathing with a resistive load.
From our results in 60 patients with interstitial lung disease we draw several conclusions. With respect to gas exchange, FVC correlates with impairment in TLCO more strongly than with hypoxaemia. Changes in Paco2 do not relate to severity of impairment of any spirometric values-for example, FEV1 or FVC in absolute terms or as percentage of predicted values. Low values of FVC are associated with higher respiratory rates and lower tidal volumes; in the face of severe impairment in gas exchange, changes in respiratory rate are important for maintaining adequate ventilation and eucapnia. This pattern of breathing minimises the work of breathing, and carbon dioxide production and oxygen consumption remain relatively constant even when mechanical impairment is severe. The lack of a rise in carbon dioxide production in the face of increasing functional impairment (increasing mechanical and gas exchange defects) is important in preventing the development of hypercapnia in interstitial lung disease.
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